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5h ' Abstract 

F(4) supergravity, the gauge theory of the exceptional six-dimensional Anti-de Sitter superalge- 
bra, is coupled to an arbitrary number of vector multiplets whose scalar components parametrize 
the quaternionic manifold 50(4, n)/SO(4) x SO(n). By gauging the compact subgroup SU (2)d<8> 
G, where SU(2)d is the diagonal subgroup of 50(4) ~ SU(2)l(B) SU(2)r (thei?-symmetry group 
of six-dimensional Poincare supergravity) and G is a compact group such that dimG = n, we 
compute the scalar potential which, besides the gauge coupling constants, also depends in non 
trivial way on the parameter m associated to a massive 2-form B^ v of the gravitational multi- 
plet. The potential admits an AdS background for g = 3m, as the pure F(4)-supergravity. We 
compute the scalar squared masses (which are all negative) and retrieve the results dictated by 
AdS^/CFT^ correspondence from the conformal dimensions of boundary operators. The bound- 
ary -F(4) superconformal fields are realized in terms of a singleton superfield (hypermultiplet) 
in harmonic superspace with flag manifold SU(2)/U(1) = 5 2 . We analize the spectrum of short 
representations in terms of superconformal primaries and predict general features of the K-K 
specrum of massive type IIA supergravity compactified on warped AdS$ <S> 5 4 . 



1 Introduction 



In the past two years much work has been devoted to the verification of the conjec- 
tured duality between AdSd+i supergravities and conformal field theories in Minkowski 
d— dimensional space |J (for an extensive review of the topic see 0). In this framework an 
important check is given by comparing the Kaluza-Klein mass spectrum of compactified 
M and/or superstring theories in lower dimensions, with the mass spectrum computed in 
terms of the scale dimension A = Eq of the conformal operators of the dual theory. While 
much effort has been devoted to the investigation of such correspondence for seven, five 
and four dimensional dimensional supergravities, the six dimensional case based on the 
F(4) exceptional supergroup M, M has been studied only in reference 0. In this paper 
it was shown that the F(4) theory has on its boundary a super conformal field theory 
at a fixed point of the five- dimensional Yang-Mills theory. The relevant super conformal 
operators in five dimensions, which are dual to the supergravity states in D = 6, are 
built in terms of the singleton representation of F(4) <g> Q that is just a 5-dimensional 
hypermultiplet earring a representation of the flavour group Q. 

In this way, it is possible to predict the mass spectrum of the "massless" supergravity 
states in a supersymmetric AdS background from the corresponding Eq quantum number 
of the conformal supermultiplet. This prediction, however, could not be checked since the 
matter coupled F(4) theory was not yet constructed; what one usually refers to as F(4) 
supergravity is the theory constructed by Romans || in the pure supergravity case, that 
is, without matter coupling. (Some aspects of the F(4) theory have also been discussed 
in the framework of dimensional reduction from seven dimensions in 0). 
Other interesting results on the F(4) theory were obtained in reference || where it was 
shown that the theory obtained from spontaneous compactification of Massive Type IIA 
Supergravity in ten dimensions down to the F(4) gauged supergravity in six dimensions 
can be described in terms of the near horizon geometry of the D4 — D8 brane system. 
Furthermore in reference |J it was shown that the F(4) gauged pure supergravity con- 
structed in ref ||, can be obtained as a consistent warped reduction on S 14 from massive 
Type IIA ten dimensional Supergravity [[UJ. 

The AdSe,/CFT 5 correspondence further predicts that the K — K excitations of massive 
type IIA on AdS§ ® S A should be related to towers of super conformal primary operators 
of the boundary super conformal field theory. The latter having only eight Poincare super- 
charges is not completely fixed by supersymmetry and in fact it can have various global 
symmetry groups Q which were classified in [fTl |. This reflects in the gauge groups of the 



vector multiplets of F(4) whose coupling is discussed here. 

It will be shown that the massless graviton (stress-energy tensor) multiplet and the " cur- 
rent multiplet" related to the Q gauge fields, previously discussed in 0, are actually the 
first members of two distinct towers of (short) conformal superfields, one corresponding 
to the 1/2 BPS multiplets (massive vector multiplets), the other corresponding to the 
graviton recurrences. 

Interestingly enough they correspond to two isolated classes of highest-weight UIR's of 
the F(4) superalgebra, separated from the continuous spectrum (in E ) suggested to exist 
inO. 
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The paper is organized as follows: 

In section 2 the geometric approach, and the closely related superspace solutions of 
Bianchi identities are presented in the framework of the pure F(4) supergravity of ref. ||. 
This, besides to give the right geometrical setting for the matter coupling and gauging of 
the theory, allows us to discuss in a simple way the algebraic foundation of the peculiar 
properties of F(4) superalgebra namely, the relations between the 577(2) gauging coupling 
constant g and the inverse AdS radius 4m and the related " Higgs phenomenon" by which 
the gravitational two-form becomes massive. 

In section 3 the geometrical framework developed in section 2 is applied to the matter 
coupling and in section 4 the gauging of/J = 6iV=(l,l) supergravity is studied. 

In section 5 the scalar potential is derived and it is shown to admit an AdS^ super- 
symmetric vacuum. 

In section 6 the boundary conformal field theory and its short representations in terms 
of harmonic superfields [[13] (with harmonic space S 2 = SU(2)/U{1)) are presented and 
the spectrum of K-K excitations predicted. 

2 The geometrical approach 

In this section we set up a suitable framework for the discussion of the matter coupled 
F(4) supergravity theory and its gauging. This will allow us to set up the formalism for 
the matter coupling in the next section. Actually we will just give the essential definitions 
of the Bianchi identities approach in superspace , while all the relevant results, specifically 
the supersymmetry transformation laws of the fields, will be given in the ordinary space- 
time formalism. 

First of all it is useful to discuss the main results of ref. by a careful study in 
superspace of the Poincare and AdS supersymmetric vacua. Let us recall the content of 
D = 6, iV = (1, 1) supergravity multiplet: 

{V«,A«,B^ tf, ^,x A ,xV) (2.1) 

where is the six dimensional vielbein, ip^, ip^ are left-handed and right-handed four- 
component gravitino fields respectively, A and A transforming under the two factors of 
the ^-symmetry group 0(4) ~ SU(2) L <8> SU(2) R , is a 2-form, A^ (a = 0, 1, 2, 3), are 

vector fields, x A ? X A are left-handed and right-handed spin | four components dilatinos, 
and e a denotes the dilaton. 

Our notations are as follows: a,b,... = 0, 1,2,3,4,5 are Lorentz flat indices in D = 6 
z/, ... = 0,1,2,3,4,5 are the corresponding world indices, A,A = 1,2. Moreover our 
metric is (+, — , — , — , — , — ). 

We recall that the description of the spinors of the multiplet in terms of left-handed and 
right-handed projection holds only in a Poincare background, while in an AdS background 
the chiral projection cannot be defined and we are bounded to use 8-dimensional pseudo- 
Majorana spinors. In this case the i?-symmetry group reduces to the SU (2) subgroup of 
SU{2) L (g) SU{2) R , the i?-symmetry group of the chiral spinors. For our purposes, it is 
convenient to use from the very beginning 8-dimensional pseudo-Majorana spinors even 
in a Poincare framework, since we are going to discuss in a unique setting both Poincare 
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and AdS vacua. 

The pseudo-Major ana condition on the gravitino 1-forms is as follows: 

(^A)h° = ¥A)=e AB ^ B t (2.2) 

where we have chosen the charge conjugation matrix in six dimensions as the identity 
matrix (an analogous definition six dimensions as the identity matrix (an analogous def- 
inition holds for the dilatino fields). We use eight dimensional antisymmetric gamma 
matrices, with 7 7 = Z7°7 1 7 2 7 3 7 4 7 5 , which implies 7^ = —77 and (77) 2 = — 1. The indices 
A, B, . . . = 1, 2, of the spinor fields ipA, Xa transform in the fundamental of the diagonal 
subgroup SU{2) of SU{2)l ®SU{2)r. For a generic SU{2) tensor T, raising and lowering 
of indices are defined by 

T ...A... = e AB y... /; ... (23) 

T.. A ... - '/;.. "... e BA (2.4) 

To study the supersymmetric vacua let us write down the Maurer-Cartan Equations 
(M.C.E.) dual to the F(4) Superalgebra (anti) commutators: 

VV a -~ VU7aV> A = (2.5) 

7Z ab + Am 2 V a V b + m4) Al ab^ A = (2.6) 

dA r + ~ g e rst A s A t - 1 $ A i/> B ° rAB = (2.7) 

Dip a - %m la ^ A V a = (2.8) 

Here V a , u ab , if) a, A r , (r = 1, 2, 3), are superfield 1-forms dual to the F(4) supergenerators 
which at 6 = have as dx^ components 

V* = 6% iPa, = Al = 0, u ab = pure gauge. (2.9) 

Furthermore lZ ab = doj ab — u ac A u c b , T> is the Lorentz covariant derivative, D is the 
50(1,5) ® SU(2) covariant derivative, which on spinors acts as follows: 

Difj A = dip a ~ \labUJ ab ip A ~ % ^ r AB A r ip B (2.10) 

Note that a rAB = e BC a rA c , where a rA B (r = 1, 2, 3) denote the usual Pauli matrices, are 
symmetric in A, B. 

Let us point out that the F(4) superalgebra, despite the presence of two different phys- 
ical parameters, the SU(2) gauge coupling constant g and the inverse AdS radius m, 
really depends on just one parameter since the closure under ^-differentiation of eq. (|2.8[) 
(equivalent to the implementation of Jacobi identities on the generators), implies g = 3m; 
to recover this result one has to use the following Fierz identity involving 3-^'s 1-forms: 

\la^A^ B l ab ^ C e AC ~ \la^A^ B l a ^ C e AC + 3^3^° = (2.11) 

The F(4) superalgebra described by equations (|2.5f) - fl2.8|) fails to describe the physical 
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vacuum because of the absence of the superfields 2-form B and 1-form A whose space-time 
restriction coincides with the physical fields B^ u and A ^ appearing in the supergravity 
multiplet. The recipe to have all the fields in a single algebra is well known and consists 
in considering the Free Differential Algebra (F.D.A.)||14|| obtained from the F(4) M.C.E.'s 
by adding two more equations for the 2-form B and for the 1-form A (the 0-form fields 
Xa and er do not appear in the algebra since they are set equal to zero in the vacuum). It 
turns out that to have a consistent F.D.A. involving B and ^4° one has to add to the F(4) 
M.C.E.'s two more equations involving dA° and dB; in this way one obtains an extension 
of the M.C.E's to the following F.D.A: 

VV a - 1 - ?w^ = (2.12) 

TL ab + Am 2 V a V b + im\) A ^ab^ A = (2.13) 

dA r + X -g e rst A s A t - % ^ A ^ B a rAB = (2.14) 

dA° -mB-i ^ A j 7 i/; A = (2.15) 
dB + 2 ^ A7 77a^ A V a = (2.16) 
D^ A -im la ^ A V a = (2.17) 

Equations ( |2.15| ) and ( |2.16j ) were obtained by imposing that they satisfy the enclosure 
together with equations (|2.12|) . Actually the closure of (|2.16| ) relies on the 4-ip A s Fierz 
identity 

^ A 7 7 7a^Be AB ^ c 7 a ^ D e CD = (2.18) 

The interesting feature of the F.D.A ( |2.12|) -( p.l7|) is the appearance of the combination 
dA° - mB in (grp . That means that the dynamical theory obtained by gauging the 



F.D.A. out of the vacuum will contain the fields A ^ and B^ v always in the single combi- 
nation d^A^ — mB^ v . At the dynamical level this implies, as noted by Romans ||, an 
Higgs phenomenon where the 2-form B "eats" the 1-form A and acquires a non vanishing 
mass m Q. 

In summary, we have shown that two of the main results of P, namely the existence of 
an AdS super symmetric background only for g = 3m and the Higgs-type mechanism by 
which the field B^ becomes massive acquiring longitudinal degrees of freedom in terms 
of the the vector A ^, are a simple consequence of the algebraic structure of the F.D.A. 
associated to the F(4) supergroup written in terms of the vacuum-superfields. 
It is interesting to see what happens if one or both the parameters g and m are zero. 
Setting m — g — 0, one reduces the F(4) Superalgebra to the D = 6 N = (1, 1) su- 
peralgebra existing only in a Super Poincare background; in this case the four- vector 
A a = (A°,A r ) transforms in the fundamental of the i?-symmetry group 5*0(4) while the 
pseudo-Majorana spinors ip A , xa can be decomposed in two chiral spinors in such a way 
that all the resulting F.D.A. is invariant under SO(4). 

Furthermore it is easy to see that no F.D.A exists if either m = 0,g^0orm/0, 
g = 0, since the corresponding equations in the F.D.A. do not close anymore under d- 
differentiation. In other words the gauging of SU(2), g ^ must be necessarily accom- 
panied by the presence of the parameter m which, as we have seen, makes the closure of 



: An analogous phenomenon takes place also in D — 5; seepf 
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the supersymmetric algebra consistent for g = 3m. 



Let us now consider the dynamical theory out of the vacuum. For the sake of com- 
pleteness and in order to establish a consistent notation, we first reconsider the pure 
supergravity theory of ref. || in a superspace formalism. We start from the F.D.A. of 
D = 6, N — (1, 1), S'?7(2)-gauged Poincare Supergravity, namely we consider the F.D.A. 

dm) -O takin s m = o> 9 ¥= 0- 



Following the geometrical approach [[14]], we define the supercurvatures as deviation from 
the m = 0, g ^ F.D.A. as follows: 

(2.19) 

(2.20) 
(2.21) 
(2.22) 

(2.23) 

(2.24) 
(2.25) 
(2.26) 



pa 


= VV a - - 
2 


1p A la1p A V a = 


R ab 


= K ab 




H 


= dB + 2e~ 




F 


= dA- ie a 


i>AiA A 




= dA r + - 
2 


g e rst A s A t - ie a ^ A ip B o 


Pa 


= Dip a 




R(xa) 


= Dxa 




R(a) 


= da 





rAB 



where we have implemented the kinematical constraint that the supertorsion T a is iden- 
tically zero, and we have added the "curvatures" of the 0- forms xa and a defined as their 
(covariant) differential. 

Differentiating the curvatures one obtains the Bianchi identities 



R ab V b - ii) A l a p A = (2.27) 

VR ab = (2.28) 

dH+Ae-^da ^ Al7la ip A V a +Ae~ 2 ^ Al7la p A V a = Q (2.29) 

DF + idae a $ ' A -? 7 ip A - 2ie a i) A lip A = (2.30) 

DF r + idae a ^ A tfj B o rAB - 2ie a ^ A p B a rAB = (2.31) 

D\ A + \R ab lah ^A ~\g cT rAB F r ^ B = (2.32) 

D\ A + \R ab l ab XA ~ \g o rAB F r x B = (2.33) 

d 2 a = (2.34) 

The superspace solutions of the previous Bianchi Identities are given by: 

R* = Rf d V c V d + ef A if> A V c + i) A M ab ^) A + -g e u ^jfi ab i) A (2.35) 

H = H abc V a V b V c + Ai e~ 2 ° ^ Al7labX A V a V b (2.36) 

F = F ab V a V b + 2 e CT ^ A i 7 i a x A V a (2.37) 
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F r = F r ab V a V b + 2 e CT i, AlaXB a rAB V a (2.38) 
Dtfj A = D^ b]A V a V b + ^e^[e AB F abll - a rAB F r ab \ ( 7 cab - 65 C V) ^ + 

+ ^17^AX C 1 7 ^C ~ ^la^AX C l a ^C + ^lTla^AX C 'l 7 'l a ^C + 

--7a6^AX°7 a Vc - ^777a^AX C 7 7 7 a Vc + ^AX C ^c (2.39) 

D X a = DaX A V a + V<V + ^"[e^ F af)77 + cr rAB F a r fc ] 7 a V S 
2 lb 

+ l e 2ff tf abc777 a ^ A - \ge^ A (2.40) 
rfa =^aV a +^ A (2.41) 

where we have no written down the explicit form of 0°^ A and M ab since they are rather 
cumbersome and uninteresting for our later purposes.| Note that setting g = in the 
fermion fields solutions the corresponding superspace curvatures give the solutions of the 
Bianchi identities of N — (1,1) D = 6 Poincare Supergravity (in this case of course the 
covariant derivatives in the l.h.s. are Lorentz covariant and the T r is abelian). 
At g ^ 0, however, one can immediately see that the vacuum configuration corresponding 
to this solution is not supersymmetric. Indeed if we set 

F ab = F r ab = H abc = <j = xa = ipAfj, = (2.42) 

we see that the superspace field strengths Di/j a, D\a are not zero in the vacuum if 
g 7^ 0, due to the presence of the gauging terms proportional to g in their superspace 
parametrisations. In the ordinary space-time language that means that, in the vacuum, 
the supersymmetry transformation law of the dilatino is not zero and that the gravitino 
doesn't transforms as the Lorentz covariant derivative of the supersymmetry parameter 
e A : 

6 X a = -\ge a s A (2.43) 
fiipA/i = V^a - % -g e° llx s A (2.44) 

This is of course in line with what we have found previously in the study of the super- 
symmetric vacua, that is the fact that at g = we have suitable supersymmetric Poincare 
vacuum, while we are bound to modify the previous solution if we want to obtain a su- 
persymmetric AdS vacuum. 

This modification however is very simple to obtain since we already know that the proper 
vacuum configuration of the F(4) theory requires a F.D.A modified by the mass param- 
eter m suitable related to g, as we have shown in the previous discussion. 

2 Note that the tilded quantities correspond, on space-time, to the supercovariant held strengths: 
namely e.g. projecting equation ( |2.36 ) along the space time differentials dx^'s we have: H pyp — 



^A\ i C1v P \liX A that is, using definition fl2.2lD H pvp = d [p B„ p] + 2e 2a ^A^lp^t] 



A[plvp}"i7X A ■ Analogous formulae hold for the other tilded quantities. 
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Therefore to obtain such vacuum we modify the r.h.s. of equations ( |2.35| ) -( |2.41| ) by 
adding suitable m terms in such a way that the Bianchi identities ( |2 . 2 7| ) -( |2.34j) are still 
satisfied. To study the supersymmetric vacua of the new solutions, it is convenient to 
denote with the suffix (g = 0) the fermionic field strengths and the Lorentz curvature in 
equations Q2.35| ) - (|2.41|) evaluated at g — 0. The new solution extending the previous one 
with terms containing m is given by: 

R ab (new) = R ab (g=0) + ^2 ^ayayb + e'^^lf^ + 

+\g e^ A l ah ^ A (2.45) 

H (new) = H 

F (new) =F _ mB ( 2>47 ) 

pr (new) _ pr (2.48) 

p (ne W ) = ^=0) _ ^-^^ya _ Ig^^^ ( 2 .49) 

Dx ( A ew) = D X t 0) + |me- 3 ^ - \ge^ A (2.50) 

d(J (ne W ) = da ( 2 51 ) 

It is now immediate to see that, in the vacuum defined by equation ( [2.42 ), the dilatino 
field strength vanishes only for g = 3m. Furthermore in this case, the extra g and m 
terms in the gravitino field strength are the correct ones in order to reconstruct the 
vanishing of the AdS covariant gravitino curvature while the extra term —mB in F^ new ^ 
and 4m 2 V a V b + rmjj A r y ab ijj A in R ab ( new ) are exactly what is needed in order to have a 
supersymmetric AdS background (see eqs. ( j2.12|) -( [2. 17] )). 

From the superspace solution of the Bianchi identities one immediately derives the space- 
time supersymmetry transformation law of the physical fields: 

K = ~i^ a e A (2.52) 

SB^u = & e- 2 °XAJ7luue A - Ae- 2 °e Alll[ ^ A (2.53) 

6A„ = -2 e u XAlil^ A + ^e Al 7 ^ (2.54) 

5AI = 2e°x A l»e B a r AB + 2ie°a rAB e A ^ (2.55) 

6^ AfM = D,e A + ^e-°[t AB F uXl7 - a rAB F r v> \ ( 7 f - 6^ 7 A ) e B + 

+ ^e 2 °H uXa 77 ( 7/ / Act - ^l Xa )e A - % -g e^e A - l -me- 3 ^e A 

+ ^n^AX C l 7 ^^c - IvejofYi'tiC + lilvSAjfrfY^vC + 

11 1 

-^a^xW^c - ^TtT^axVt^VVc + ^aT^c (2.56) 

5XA = \l^oe A + l_e°[e AB F^ l7 + a rAB F^e B 

+ ±^e 2 °H^ xl7l ^ X E A - ~ge°e A + -me^EA (2.57) 
5a =x A e A (2.58) 
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Apart from different conventions and normalizations the above equations coincide with 
the results of reference 0, except for the extra terms in the gravitino transformation law 
of the form ipx £ i which, like all the three-fermion terms, were not computed in reference 
||. However these terms correspond to terms ipipx i n t ne superspace curvature Dip a 
which are quite essential to verify the consistency of the Bianchi identities when the 
parameter m is introduced and a supersymmetric AdS background is found; therefore 
they have an important meaning for the consistence of the theory and this is the reason 
why we have explicitly quoted them. This is to be contrasted with other three-fermion 
terms of the form \X e 011 space-time (xx4> i n superspace), which we have not included 
in the transformation law of the fermions, since their explicit form can be found from 
the Bianchi identities once the consistency in the higher sectors has been verified, so that 
they are not on the same status. In the supersymmetric AdS vacuum we get: 

Sxa = (2.59) 
8ip Al * = Vf s e A (2.60) 

R ab = --R%V c V d = -Am 2 V a V b -> = 20m 2 g^ (2.61) 

= _ mB ^u = Xa = i>An = cr = (2.62) 



3 Coupling to matter multiplets 

In D = 6, N = 4 Supergravity, the only kind of matter is given by vector multiplets, 
namely 

(An, x A , rY (3.1) 

where a = 0, 1, 2, 3 and the index I labels an arbitrary number n of such multiplets. As 
it is well known the 4n scalars parametrize the coset manifold SO(4,n) / SO(4) x SO(n). 
Taking into account that the pure supergravity has a non compact duality group 0(1, 1) 
parametrized by e a , the duality group of the matter coupled theory is 

G / g ^ M x0(M) (3 ' 2) 

To perform the matter coupling we follow the geometrical procedure of introducing the 
coset representative L A E of the matter coset manifold, where A, S, . . . = 0, . . . , 3 + n; 
decomposing the 0(4, n) indices with respect to H = SO (4) x 0(ri) we have: 

L\ = (L\,L\) (3.3) 

where a — 0, 1, 2, 3, 1 — 4, . . . , 3 + n. Furthermore, since we are going to gauge the SU (2) 
diagonal subgroup of 0(4) as in pure Supergravity, we will also decompose L A a as 

L\ = (L A ,L\) (3.4) 

The 4 + n gravitational and matter vectors will now transform in the fundamental of 
SO(4,n) so that the superspace vector curvatures will be now labeled by the index A: 
F A = (F°, F r , F 1 ). Furthermore the covariant derivatives acting on the spinor fields 
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will now contain also the composite connections of the £0(4, n) duality group. Let us 
introduce the left-invariant 1-form of SO (4, n) 

^ A E = (^ A n)- 1 ^ n S (3-5) 

satisfying the Maurer-Cartan equation 

dn A j, + n A n Afi n s = (3.6) 

By appropriate decomposition of the indices, we find: 

R^^-P^AP 1 , (3.7) 

^o = ^/AP J (3.8) 

R I J = -P I r AP r J -P I AP° J (3.9) 

VP 7 r = (3.10) 

VP 7 = (3.11) 



where 



R rs = dn r s + n r t a s + n r a n° s (3.12) 

RJ° = dtt r + Q r t A fi* (3.13) 
R IJ = dQ x j + VL 1 K AVt K j (3.14) 



and we have set 



P 



P 1 = o / 




1 



Note that Pq, P* are the vielbeins of the coset, while (fT s , f2 r0 ), (R rs , R ro ) are re- 
spectively the connections and the curvatures of 50(4) decomposed with respect to the 
diagonal subgroup SU{2) C 50(4). 

In terms of the previous definitions, the ungauged superspace curvatures of the matter 
coupled theory, generalizing eqs. ( |2.19| ) -( |2.26| ) (with m — 0) are now given by: 





= vv a 


-~ ^ Ala ^ A v a = o 


(3.15) 


R ab 


= Tl ab 




(3.16) 


H 


= dB + 


2e~ 2 ° i, Allla ^ A V a 


(3.17) 


F A 


= T K - 


ie°L k e AB i, All ^ B - ie°L^a rAB ^ A ^ B 


(3.18) 


Pa 


= Vip A 


i 1 
- -VrAB(--e rst tt st - i-i 7 VL rQ )i) B 


(3.19) 


D X a 


= V X A 




(3.20) 


R{a) 


= da 




(3.21) 


VA M 


= VX IA 


i 1 


(3.22) 


RM 


= P 1 




(3.23) 




= P J 

r 




(3.24) 
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where the last two equations define the "curvatures" of the matter scalar fields l as the 
vielbein of the coset: 

Pi = PlM H = PrW (3.25) 

where i runs over the An values of the coset vielbein world-components. 

As in the pure supergravity case one can now write down the superspace Bianchi 
identities for the matter coupled curvatures. The computation is rather long but straight- 
forward. We limit ourselves to give the new transformation laws of all the physical fields 
when matter is present, as derived from the solutions of the Bianchi identities. 

K = -i^ A ^ a e A (3.26) 

5B, U = 2e^x A lil^e A - Ae'^EAlrl^ (3.27) 
8A A = 2e°e A l7llx x B L%e A B + 2e°e A lflX B L Ar a rA B - e°L AI e A lfl \ IB e A B + 

+2ie°L K e Al 7 ^ B e AB + 2ie° L Ar a AB e A ip B (3.28) 

8^ = V^a + ± e -°[T [A B)uxn ~ T iA B)ux}(% uX - 6^7 A )^ + 

+7^ r Y7£AX c i 7 4>cn - iv^A^i v ^CiL + i7 r yu£AX Cr y 7r y u 4>c f M + 

-\lvxsxfl vx ^c» - \l7lvxs A lfl 7 l vX ^c» (3.29) 

5XA = t -l^aeA + ^e-^[T [ AB]^l7+T ( AB)^ u e B + ^ (3.30) 
5a =x A e A (3.31) 
5X IA = -iP l n a rAB d^e B + iP^d^^SB + t -e-% vl ^e A (3.32) 

P^M=\^Al7S A (3.33) 
P^f = h A e B a? (3.34) 
where we have introduced the "dressed" vector field strengths 

T[AB\ftu = £abLqIF a v (3.35) 
T(AB)tiu = o r AB L~lF^ v (3.36) 
Tipv = LjlF A u (3.37) 

and we have omitted in the transformation laws of the fermions the three-fermions terms 
of the form ixx £ )i (AAe). 

We observe that the solutions of the Bianchi identities also imply the equations of mo- 
tion of the physical fields and therefore one can reconstruct in principle the space-time 
Lagrangian. Nevertheless, in general, it is simpler to construct the Lagrangian explicitly 
and we will present its complete expression in the forthcoming paper of reference Jl6[ 



In the next section, however, we will need at least the kinetic terms and mass matrices 
terms in order to construct the scalar potential of the gauged theory. This is the topic of 
the next paragraph. 
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4 The gauging 



The next problem we have to cope with is the gauging of the matter coupled theory and 
the determination of the scalar potential. 

Let us first consider the ordinary gauging, with m — 0, which, as usual, will imply 
the presence of new terms proportional to the coupling constants in the supersymmetry 
transformation laws of the fermion fields. 

Our aim is to gauge a compact subgroup of 0(4, n). Since in any case we may gauge only 
the diagonal subgroup SU{2) C 0(4) C H, the maximal gauging is given by SU{2) ® Q 
where Q is a n-dimensional subgroup of 0(n). According to a well known procedure, 
we modify the definition of the left invariant 1-form L~ l dL by replacing the ordinary 
differential with the SU(2) ® Q covariant differential as follows: 

VL\ = dL\-f r \A?L*z (4.1) 

where / A n r are the structure constants of SU (2)^^)0 . More explicitly, denoting with e rst 
and C IJK the structure constants of the two factors SU (2) and Q, equation (|4.1| ) splits as 
follows: 

VL° s = dL A s (4.2) 
VU ^ = dU ^-ge/^U E (4.3) 
VL I J1 = dL I J1 - S fC K I jA K L J s (4.4) 

Setting Q = L~ 1 VL, one easily obtains the gauged Maurer-Cartan equations: 

dtt A s + tt A n A Q n s = (L _1 ^L) A s (4.5) 

where JF = J-" a Ta, Ta being the generators of SU{2) ® Q. 

After gauging, the same decomposition as in eqs. ( |3.7| ) -( p.ll| ) now gives: 



R\ = -P r j/KP 1 s + {L- l FL) r s (4.6) 
i?'- = -P'- / AP / + (L- 1 ^Lr (4.7) 

^ J = -? ; r AP r J -? / A^°i + (L-^L) J j (4.8) 
VP 7 r = (L-'FL) 1 r (4.9) 
VP^r^o (4-10) 

Because of the presence of the gauged terms in the coset curvatures, the new Bianchi 
Identities are not satisfied by the old superspace curvatures but we need extra terms in 
the fermion field strengths parametrizations, that is, in space-time language, extra terms 
in the transformation laws of the fermion fields of eqs. ( ^.29| ), ( |3 . 3 U| ) , ( |3.32p , named 
"fermionic shifts". 

*VU#, = ^it 3 + S *b(9> 9'h,e B (4.11) 
8 X A = 5x { i d) + N AB {g,g')e B (4.12) 
5X I A = 5X I j old) + M I AB (g,g')e B (4.13) 
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Again, working out the Bianchi identities, one fixes the explicit form of the fermionic 
shifts which turn out to be 

S ( if = y^*AB ~ -Brfo\ B (4.14) 

N { lf = Ya M °zab + \Brf<j\ B (4.15) 
= (-C/ + D\)o\ B (4.16) 

where 

(4.17) 
(4.18) 
(4.19) 
(4.20) 

and the threefold completely antisymmetric tensors K's are the so called "boosted struc- 
ture constants" given explicitly by: 

K rst = ge lmn L l r (L~ 1 ) s m L n t + g'CuxL 1 r (L~ 1 ) s J L K t (4.21) 

K rs0 = ge lmn L l r (L~ 1 ) s m L n + g'CuxL 1 r (L~ 1 ) s J L K (4.22) 

K rJt = ge lmn L l r {L~ 1 ) I m L n t + g 'C LJK L L ' r {L~ 1 )^ r L K t (4.23) 

Koit = geimnL 1 {L- 1 ) I m L\ + g'C LJK L\{L- 1 ) I J L K t (4.24) 

Actually one easily see that the fermionic shifts ( f4.14| ) ( |4.15| ) reduce to the pure super- 



A = 


t J^rst 


B i = 


~- e ijk K jk0 


C\- 


= e trs K rIs 


D It 


= K m 



gravity g dependent terms of equations ( |2.39| ), ( p.40|) . (Note that, since L A S —>■ 6^ in 



absence of matter, the terms proportional to the Pauli a matrices are simply absent in 
such a limit.) 

At this point one could compute the scalar potential of the matter coupled theory, in 
terms of the fermionic shifts just determined, using the well known Ward identity of the 
scalar potential which can be derived from the Lagrangian. Since we are going to perform 
this derivation once we will introduce also m dependent terms in the fermionic shifts, we 
just quote, for the moment the expected result that the potential due only to g and g' 
dependent shifts doesn't admit a stable AdS background configuration. We are thus, led 
as in the pure supergravity case, to determine suitable m dependent terms that reduce 
to the m terms of eqs. ( |2.56| ), ( |2.57| ) in absence of matter multiplets. One can see that a 
simple-minded ansatz of keeping exactly the same form for the m dependent terms as in 
the pure Supergravity case is not consistent with the gauged superspace Bianchi identi- 
ties. 

It turns out that a consistent solution for the relevant m terms to be added to the fermionic 
shifts, implies the presence of the coset representatives; that is, the m-terms must also 
be "dressed" with matter scalar fields as it happens for the g and g' dependent terms. 
Explicitly, the Bianchi identities solution for the new fermionic shifts is: 

S { H'' m) = ^[Ae° + 6me- 3CT (L- 1 ) 00 )e^ - ~[B t e° - 2me~ 3c '(L^UW 7 a\ B (4.25) 

N A 9 B 9 '' m) ~[Ae° - 18me- 3CT (L- 1 ) 00 )]6 Ai? + l -[B t e° + Qme^ {L- l ) M W a\ B (4.26) 

M W, m) = { _ C J + 2^7^^ _ 2me -3. (L -l)/ QeAB (427) 
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Let us note that, similarly to what happens in the pure supergravity case, the m dependent 
terms behave in an analogous way as the g dependent gauging terms, the former being 
dressed by the scalar fields in a similar way as the latters. The difference is that, while 
the gauged terms are threelinear in the coset representatives of the duality group, the m 
terms are linear (recall that because of the pseudo-orthogonality condition, L _1 = r]L T r)).^ 
Furthermore we note that, as it happens for the g and g' terms, the matter coupling forces 
new terms in the fermionic shifts proportional to a AB while for the gaugino shift the m 
terms contribute terms proportional to e A s- 



5 The scalar potential 

The simplest way to derive the scalar potential is to use the supersymmetry Ward identity 
which relates the scalar potential to the fermionic shifts in the transformation laws |JL8[| . In 
order to retrieve such identity it is necessary to have the relevant terms of the Lagrangian 
of the gauged theory. These terms are actually the kinetic ones and the "mass" terms 
given in the following equation: 

{detV)- l C = ~Tl - l -e 2 °H K ^ u f^ + Pad^a - \(I?P& + lfP? r ) + 
+4i^N AB X B + ffi^M AB \f + W(a0 i ; g, g',m) + ... (5.1) 



where 



A/as = L^L x + L A l L^ - L A J Lj^ (5.2) 
is the vector kinetic matrix, T^ v = T^ v — rab^B^y and W is minus the scalar potential. 

In equation (|5.1|) there appear "barred mass- matrices" Sab, N A b, M ab which are 
slightly different from the fermionic shifts defined in eqs. ( f4.25|) , ( 4.26|) , ( |4.27|) . Actu- 
ally they are defined by: 

~Sab = -S BA , N ab = -N ba , M I ab = M i ba (5.3) 

Definitions (|5.3|) stem from the fact that the shifts defined in eqs. ( |L25| ), ( |4.26| ), (|4 . 2 T|) 
are matrices in the eight-dimensional spinor space, since they contain the 77 matrix; as 
will be seen in a moment, such definition is actually necessary in order to satisfy the 
supersymmetry Ward identity. 

Indeed, let us perform the supersymmetry variation of ( |5.1| ), keeping only the terms 
proportional to g, g' or m, and to the current ip A ^)^^ A ', we find the following Ward 
identity, : 

5 C A W = 20S AB S BC + ^N AB N BC + \~Mf ''M BC (5.4) 

However we note that, performing the supersymmetry variation, the gauge terms also give 
rise to extra terms proportional to the current 4 , Afl 'J 7 'y^£ A , which have no counterpart in 

3 Amusingly enough the reverse situation happens for the "coset" representative of 0(1, 1): the g terms 
are linear in e a , while the m terms are threelinear, being proportional to e~ 3o \ 
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the term containing the potential W. Because of the definition of the barred mass matrices 
in eq. (|5\3p it is easily seen that such "7 7 -terms", arising from S Sbc and N Nbc 
cancel against each other. 

As far as the term M I M BC is concerned, the same mechanism of cancellation again 
applies to the terms proportional to ipA^lil^^^c"') there is, however, a residual dangerous 
term of the form 

&%$ Av tfT t B L fi I '£ (5.5) 
One can show that this term vanishes identically owing to the non trivial relation 

D\C\ = (5.6) 

Equation Q5.6Q can be shown to hold using the pseudo-orthogonality relation L T r]L = r\ 
among the coset representatives and the Jacobi identities C^jkCi^mn — 0, e r [ st e/] mn = 0. 
This is a non trivial check of our computation. 

It now follows that the Ward identity eq. fl5.4| ) is indeed satisfied since all the terms on 
the r.h.s., once the "7 7 -terms" have been cancelled, are proportional to 5%. 
Using the expressions ( [4.25Q , ( |4.26j ), ( |4.27| ), (|0|) in equation (p.4[), we obtain the explicit 
form of the scalar potential 

W) = 5 {[^0^ + Qme-^L 00 )] 2 + [^(e°B t - 2m e -^L 0t )] 2 } + 

~ {[ Y2 {Aea ~ 18me_3ffL oo)] 2 + ^( e ' S < + 6me- 3CT L ,)] 2 } + 
-\iC\Cn + iD\D It } e 2 ° - m 2 e-^L 0I L 01 (5.7) 

Let us note that, setting 

H = ^AAe° + 6me~ 3(T L o) (5.8) 
K i = ~(e' T B i + 6me- 3 *L oi ) (5.9) 
the potential can be written as follows 
W = 5{H 2 + ICKi} - {[d a H] 2 + d a tCV a Ki} - 2{V Ia HV Ia H + V /Q /QV /a /e} m=0 + 

-{v Ia nv Ia n + VjaJdv^vjg^ (5.10) 

or alternatively 

W = 5{H 2 + TCKi) - {[d a nf + d a JCd ff Jd} - 2{V Ia HV Ia H + V /a /QV /a /C} + 
+m 2 e~ 6a L 0I L 01 (5.11) 

where V/ a = (V/o,V/ r ) denote the derivatives with respect to the "linearized coordi- 
nates" : that is, using the Maurer-Cartan equations 

V H L A j = L A a P? 

V H L\ = L\Pi (5.12) 
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the flat derivative V/ Q are defined as the coefficient of the coset vielbein P Ia in equations 
( |5.12| ). In deriving equations fl5.10| ), (|5.11| ) one has to make use of the following relations 



which are a straightforward consequence of the definitions ( [4.17| ) -( |4.20| ) 



V I0 A = (5.13) 

V Ir A = Gir (5.14) 

= C u (5.15) 

V Ir Bi = 2e nk D Ik (5.16) 



Expanding the squares in equation (|5.7| )the potential Wean be alternatively written as 
follows: 

W = e 2 °[±-A 2 + -B'B, - -\G\Cn + AD J t D It )} - mV^/Voo + 
3o 4 4 

+me- 2a [^AL 00 -2B l L 0i } (5.17) 

where A/qo is the 00 component of the vector kinetic matrix defined in eq. ( |5.2|) . 
We now show that, apart from other possible extrema not considered here, a stable 
supersymmetric extremum of the potential W is found to be the same as in the case of 
pure supergravity, that is we get an AdS supersymmetric background only for g = 3m. 
In fact, setting d a W = and keeping only the non vanishing terms at a = q Ia = 0, q Ia 
being the flat coordinates, we have 

d a W = l^A 2 e 2 ° - \mAL 00 e- 2 ° + Qm 2 L 2 m e- Q % =qIa=0 (5.18) 

since all the other terms entering the d a W contain at least one off-diagonal element of 
the coset representative which vanishes identically when the scalar fields are set equal to 
zero. Furthermore, from the definition ( |4.17| ) and using L\{qi = 0) = 6%, we find: 

A(qi = 0) = 6g; L m {ql = 0) = 1 (5.19) 

so that 

d a W\ a=q =o = 2g 2 - 8mg + Qm 2 = (5.20) 

As the partial derivatives (^7^) cr=(?= o, {^^) a=q=Q are also zero, since they contains at 
least one off-diagonal coset representative, the condition for the minimum is given by 
eq. ( |5.20p which coincides with the equation one obtains for the pure Supergravity case, 



whose solutions are g = m, g = 3m. 

Using equations ( p.!9| ), ( |5.20p , ( |4.11| ) -( |4.13| ) one can easily recognize that only the g = 3m 



solution gives rise to a supersymmetric AdS background. 

A further issue related to the scalar potential, which is an important check of all our 
calculation, is the possibility of computing the masses of the scalar fields by varying the 



linearized kinetic terms and the potential of (|5.1| ), after power expansion of W up to the 
second order in the scalar fields q J a . 
We find: 

d 2 W 

(-^) a=q=0<g=3m = 48m 2 (5.21) 
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d 2 W 



,Q^ro^=o,9=sm = 8m 2 5 IJ (5.22) 



) a=q=0<g=3m = 2Am 2 5 IJ S rs (5.23) 



y dq Ir dq Js 

The linearized equations of motion become: 



□a - 24mV = (5.24) 
□g /0 - 16my° = (5.25) 
Uq Ir - 2Am 2 q Ir = (5.26) 



If we use as mass unity the inverse AdS radius, which in our conventions (see eg. ( |2.61| )) 
is Raas = we § e ^ : 



m 2 a = —6 
m 2 I0 = -4 

m\i T = -6 (5.27) 

These values should be compared with the results obtained in reference || where the 
supergravity and matter multiplets of the AdS s F(4) theory were constructed in terms of 
the singleton fields of the 5-dimensional conformal field theory, the singleton being given 
by hypermultiplets transforming in the fundamental of Q = E 7 . It is amusing to see that 
the values of the masses of the scalars computed in terms of the conformal dimensions 
are exactly the same as those given in equation fl5.27|) . 



This coincidence can be considered as a non trivial check of the AdS /C FT correspondence 
in six versus five dimensions. 

To make contact with what follows we observe that the scalar squares masses in AdSd+i 



are given by the SO (2, d) quadratic Casimir [22 

m 2 = E (E -d) (5.28) 

They are negative in the interval < E < d (the lower bound corresponding to the 
unitarity bound i.e. the singleton) and attain the Breitenlohner-Freedman bound (T 

| for which m 2 = — ^ 



when E = d — E i.e. at E = | for which m 2 = — x- Conformal propagation correspond 



to m 2 = —^-A- i.e. E = This is the case of the dilaton and triplet matter scalars. 



6 ^(4) ® Q Superconformal Field Theory 

In this section we describe the basics of the F(A) highest weight unitary irreducible rep- 
resentations "UIR's" and exhibit two towers of short representations which are relevant 
for a K-K analysis of type IIA theory on (warped) AdS 6 (g> S 4 |§,||. 
We will not consider here the Q representation properties but we will only concentrate on 
the supersymmetric structure. 

Recalling that the even part of the F{4) superalgebra is SO(2, 5) ®SU{2), from a general 
result on Harish-Chandra modules fl9||, ||12| , [p0| , of 50(2, 2n + 1) we know that there 



are only a spin and a spin 1/2 singleton unitary irreducible representations [Q, which, 
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therefore, merge into a unique supersingleton representation of the F{4) superalgebra: 
the hypermultiplet [|J. 



To describe shortening is useful to use a harmonic superfield language jn| . 
The harmonic space is in this case the 2-sphereQ SU(2)/U(1), as in iV = 2, d = 4 and 
N — 1, d = 6. A highest weight UIR of 50(2,5) is determined by E and a UIR of 
5*0(5) ~ Usp(4), with Dynkin labels (ai, a 2 ) fj We will denote such representations by 
V(E , ai, a 2 ). The two singletons correspond to E = 3/2, a\ = a 2 = and E = 2, 
ai = 1, 02 = 0. 

In the AdS/CFT correspondence (Eq, a±, a 2 ) become the conformal dimension and the 
Dynkin labels of 50(1,4) ~ Usp(2,2). 

The highest weight UIR of the F(4) superalgebra will be denoted by T>(E , ai, a 2 ; J) 
where I is the SU(2) i?-symmetry quantum number (integer or half integer). 
We will show shortly that there are two (isolated) series of UIR's which correspond re- 
spectively to 1/2 BPS short multiplets (analytic superfields) and intermediate short su- 
perfields. The former have the property that they form a ring under multiplication, as 
the chiral fields in d = 4 [p3fl . 

The first series is the massive tower of short vector multiplets whose lowest members is a 
massless vector multiplet in AdjQ corresponding to the conserved currents of the Q global 
symmetry of the five dimensional conformal field theory. 

The other series is the tower of massive graviton multiplets, which exhibit "intermediate 
shortening" and it is not of BPS type. Its lowest member is the supergravity multiplet 
which contains the SU(2) /^-symmetry current and the stress-tensor among the superfield 
components. 

6.1 ^(4) superfields 

The basic superfield is the supersingleton hypermultiplet W A (x,9), which satisfies the 
constraint 

Di A W B \ Xi e) = (6.1) 
corresponding to the irrep. V(E = |, 0, 0; I — |) |13[| . 

By using harmonic superspace, (x, 9i, u{), where 6i = 9iu}, u\ is the coset representative 
of SU{2) /U{1) and / is the charge [/(l)-label, from the covariant derivative algebra 

{Di,D*Bp} = ie AB d a p (6.2) 

we have 

{Z£,Z>J} = Dl = D\u\ (6.3) 



Therefore from eq. (|6.1|) it follows the G-analytic constraint: 

D\W X = (6.4) 

which implies 

W\x,6) = if 1 +9%( a + d.t. (6.5) 



The sphere is the simplest example of "flag manifold" whose geometric structure underlies the con- 
struction of harmonic superspaces p4| ] 

5 Note that the U sp(A) Young labels hi, hi are related to ai, a-i by a\ = 2hi\ a-i — h\ — h2. 
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(d.t. means "derivative terms"). 
Note that W 1 also satisfies 

D 2 D 2a w l = q (g g) 

because there is no such scalar component^ in W 1 . 

W 1 is a Grassman analytic superfield, which is also harmonic (that is DgW 71 = where, 
using notations of reference |23|], D3, is the step-up operator of the SU(2) algebra acting 
on harmonic superspace). 

Since W 1 satifies D^^W 1 = 0, any p-order polynomial 

IpiW 1 ) = (W'Y (6.7) 

will also have the same property, so these operators form a ring under multiplication 
p3| , they are the 1/2 BPS states of the F(4) superalgebra and represent massive vector 
multiplets (p > 2), and massless bulk gauge fields for p = 2. 

The above multiplets correspond to the D(E = 31, 0, 0; / = |) h.w. U.I.R.'s of the F(4) 
superalgebra. 

Note also that if W 1 carries a pseudo-real representation of the flavor group Q (e.g. 56 
of Q = Ej) then W l satisfies a reality condition 

(W 1 )* = W 2 (6.8) 

corresponding to the superfield constraint 

(W A y A = e AB ^W^ (6.9) 

The SU(2) quantum numbers of the W lp superfield components are: 

(8) ° spin I — - 

(0) s Pi n- I = - - - 

(9) 2 spin — spin 1 I — - — 1 

fn\3 • 1 t V 3 

(6) spin- I=- - - 

(6) A spin I =--2 

Note that the (#) 4 component is missing for p = 2, p = 3, while the (#) 3 component is 
missing for p = 2. However the total number of states is 8(p — 1) both for boson and 
fermion fields (p > 2). 
The AdS squared mass for scalars is 

m\ = E (E -5) (6.10) 

so there are three families of scalar states with 

ml = -p(3p — 10) p > 2 

ml = ^(3p + 2)(3p- 8) p>2 

m 2 3 = i(3p + 4)(3p-6) p>4 



3 This is rather similar to the treatment of the (1,0) hypermultiplct in D = 6 K 
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The only scalars states with m 2 < are the scalar in the massless vector multiplet (p = 2) 
with m\ = —6, m 2 = —4 (no states with m? = exist) and in the p = 3 multiplet with 

2 9 

m z = — |. 

We now consider the second "short" tower containing the graviton supermultiplet and its 
recurrences. 

The graviton multiplet is given by W X W . Note that such superfield is not G-analytic, 
but it satisfies 

DlD la (W l W l ) = DlD 2a {W 1 W l ) = (6.11) 

this multiplet is the F(4) supergravity multiplet. Its lowest component, corresponding to 
the dilaton in AdS§ supergravity multiplet, is a scalar with Eq = 3 (m 2 = —6) and 1 = 0. 
The tower is obtained as follows 

G q+2 (W) = W l W\w l ) q (6.12) 

where the massive graviton, described in eq.. (|6.12j ) has E = 5 + |g and I = | . 
Note that the G q+2 polynomial, although not G-analytic, satisfies the constraint 

D l a D la G q+2 (W) = (6.13) 



so that it corresponds to a short representation with quantized dimensions and highest 
weight given by D(E = 3 + 3J, 0, 0; / = § ). 

We call these multiplets, following ||25|| , "intermediate short" because, although they have 
some missing states, they are not BPS in the sense of supersymmetry. In fact they do not 
form a ring under multiplication. 

It is worthwhile to mention that the towers given by ( |6.7| ), ( |6.12| ) correspond to the two 
isolated series of UIR's of the F(4) superalgebra argued to exist in fl~2|| . 
There are also long spin 2 multiplets containing 2 8 state where Eq is not quantized and 
satisfies the bound E > 6. 

Finally let us make some comments on the role played by the flavour symmetry Q. 
It is clear that, since the supersingleton W 1 is in a representation of Q (other than the 
gauge group of the world- volume theory), the I p and G q+2 polynomials will appear in the 
p-fold and (g + 2)-fold tensor product representations of the Q group. This representation 
is in general reducible, however the 1/2 BPS states must have a first component totally 
symmetric in the SU(2) indices and, therefore, only certains Q representations survive. 
Moreover in the (W 1 ) 2 multiplet, corresponding to the massless Q- gauge vector multiplets 
in AcISq, we must pick up the adjoint representation AdjQ and in W l W , corresponding 
to the graviton multiplet, we must pick up the Q singlet representation. 
However in principle there can be representations in the higher symmetric and antisym- 
metric products, and the conformal field theory should tell us which products remains, 
since the flavor symmetry depends on the specific dynamical model. 



The states discussed in this paper are expected to appear 0, 0] in the K-K analysis 
of IIA massive supergravity on warped AcISq ® S 4 . It is amusing that superconformal field 
theory largely predicts the spectrum just from symmetry cosiderations. What is new in 
the F(4:) theory is the fact that, since it is not a theory with maximal symmetry, it allows 
in principle some rich dynamics and more classes of short representations than the usual 
compactification on spheres. 
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The K-K reduction is related to the horizon geometry of the DA branes in a D8 brane 
background in presence of DO branes @, [§]• 

Conformal theories at fixed points of 5d gauge theories exist [IT]] which exibit global 
symmetries E^ f +\ 3 SO(2Nf) (g) U(l), where Nf > 1 is the number of flavors (Nf D8 
branes) and U(l) is the "instantons charge" (dual to the DO brane charge). 
The E exceptional series therefore unifies perturbative and non perturbative series of the 
gauge theory. 

It is natural to conjecture that a conformal fixed point 5d theory can be described by a 
singleton supermultiplet in the fundamental rep. of E^ f+ i. For the exceptional groups 
Nf > 5 these are the 27 of Eq, the 56 of Ef and the 248 of Eg which are respectively 
complex, pseudo-real and real. The E 7 case was considered in ref. ||. States coming from 
wrapped D8 branes will carry a non trivial representation of SO(2Nf), which, together 
with some other states, must complete representations of E^^+i- It is possible that from 
the knowledge of SO(2Nf) quantum numbers of supergravity in DA — D8 background one 
may infer the spectrum of E^ f +i representations and then to realize these states in terms 
of boundary composite conformal operators. 
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